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I I I ~ L O D U C T I O N  

This document represents the eighth monthly report covering the work on the 
experimental. program forfiievelopment of an "Osneotic S t i l l "  and imrovemente 
i n  the performanee- W a c Y e T  Membrane Fuel Cell2during 
the month of February 1963. This deveTopii5ii€ wor3 TE bel-% acc&5~shed under 
NASA-Lewis Research Center Contract No. NAS 3-255lby the New Product Research 
Department of TAPCO, and Ionica Inc. a6 a subcontractor t o  TAPCO. 

_--- 

I1 olQRALL PROGRESS 

A. Tapco Portion of Program 

1. Iooac membranes MC 3142, MA 3148, XLMA 3236, and XLNC 3235 
were tested for l iquid leakage a t  room temperature a f t e r  being 
soaked i n  water a t  toam temperature f o r  16 hours. A l l  but the 
XlMC 3235 showed no leakage with a pressure difference of 16 psi .  
The XLMC 3235 leaked w i t h  e 15 ps i  pressure difference. 

2. 
a f t e r  being pretreated i n  1809 (recommended by Ionac) water 
f o r  four hours. All membranes leaked excessively a t  pressures 
differences from 2 t o  ID psi. 

The same membranes were pressure tested a t  room temperature 

3. 
MA 3148. 
i n s t a l l a t ion  and excessive leakage occurred immediately upon 
evacuation of the vapor chamber before acid heatup. 

Performance t e s t e  were attempted with the MC 3142 and the 
The MC 3142 VBB pretreated in 180% water before 

The MA 3148 w a s  run f o r  approximately four hours a t  temperatures 
of I 2 5 9  and 1409, but extremely small amounts of liquid were 
extracted d w l n g  t h i s  period and a phlwasnever exceeded. Thus, 
the above Ionac membranes were detemined unsuitable and t es t ing  
of these membranes was discontinued. 

4. 
membrane at  temperatures fram 150% t o  200% and a t  vapor 
pressure5 iron .45 peia t o  1.23 ps i a  w i t h  an acid concentration 
of 25.6. 

Five successiul t e s t  m13 were ccmqdeted w i t h  the AMF C-60 

5.  
membrane at 2009 and acid concentrations from 1 5 . 6  t o  a$. 
6. 
26 psia  and 32 psia a t  20&and 25.2$ concentration. 

A total of 15 succeesiul t e s t  run0 were W e  w i t h  the AMF C-60 

Two t e s t s  on this mePbrane were made with acid pressures of 
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B. 

7. The ANF C-60 membranes used i n  the t e s t s  during t h i 6  reporting 
perioc? are the same membranes used dur ing  the l a s t  reporting period 
and the Kel-F coated support screens have been used throughout all 
the t e s t s  and appears t o  be i n  good condition. 

8. 
non-wetting materials, but were determined as unsatisfactory. 

Porous Kel-F and porous polyethylene were leak tested as 

Ianics Portion of Program 

1. Progress was made i n  the areas of test r i g  control and operation, 
membrane and electrode screening, successful l i f e  tes t ing,  delineation 
of the source of l iquid i n  the c e l l  gas streams, determination of the  
e f fec t  of gas circulation rates on c e l l  performance, f ina l iz ing  the 
design of and expediting procurement of materials fo r  the multiple 
c e l l  ba t te r ies .  

2. 
long-term t e s t s  of f u e l  ce l l s  without any premature fa i lures .  

Revwing  of t e a t  r i g  controls and operation has l e d  t o  successful 

3. 
reinforced the finding that we are  now using the best membranes 
(IONICS 61-AZCI and 61-AZL) and electrodes (platinum black sintered 
wlth tef lon)  that are available. 

Continued screening tea ts  i n  small ( 4  sq. i n . )  t e s t  c e l l s  

4. 
s t i l l  running - have been achieved while meeting the e l e c t r i c a l  
output requirements. 

Long successful run8 of single c e l l s  - up t o  500 hOUr6 and 

5 .  
t o  have come through the membranes. 
were determined. 

The l iquid appearing In the gas stream6 was shown def in i te ly  
Rates of l i q u i d  appearance 

6. 
c e l l  output, thus simplifying eventual system control problems. 
The PreSSure drop through a single ce l l  ya8 shown to be auU 
even at gas alrculetian rates 20 tirees the canlnnaptlon rate - 
indicating that power losses f o r  gas circulat ion will not be serious. 

Wide variation i n  gas r a t e s  was sham t o  have no e f fec t  on 

7. 
design drawings for multiple-cell bat tery ccanponents prepared. 
curement and fabrication is in full s-. 

Des%@ modifications based on OUI finding8 we* made and finalfted 
Pro- 

A. 

B. 

Tapco Portion of Program 

There have been no major problems during t h i s  reporting period. 

Ionics Portion of Program 

1. 
needs additional expediting. 

Delivery of ordered materials and fabrication of component6 
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A. Tapco Portion of Prog ram 

1. Complete performance t e s t s  on the AMF C-60 membrane. 

2. 
preliminary gasket tests for  2 Pd design. 

Select design point for  2 KW s t i l l  design and make 

3. Design 2 MJ still and t e s t  r i g .  

B. Ionics Portion of Program 

1. Zxpedite receipt of ordered materials. 

2. Complete fabrication of a l l  components f o r  5 -ce l lba t t e r i e s .  

4. 
multiple-cell ba t te r les .  

Finalize technique for assembling, venting and f i l l i n g  

5. Assemble i n i t i a l  two 5-cell ba t te r ies .  

V TEST RESULTS 

A. Tapco Portion of Program 

1. The i n i t i a l  t e s t  with the Ionac 142 3142 membrane w a s  made i n  
the t e s t  uni t  a f t e r  the membranes had been soaked i n  180- water 
f o r  four hours (recommended by Ionac representative).  
i n i t i a l  emxuatlon of' vapor chamber pr io r  t o  acid heatup, the 
membrane leaked acid excessively with a vacuum of only 20 cm 

Upon 

membrane iraan the t e e t  unit, 
l a  the ambrane. 

2. 
in r001p temperature vater for  16 hours. 
by securing the menbrane Over a 3/8" diameter hole and exposing 
one side of the mesibrane t o  pressurized wabr and the other 
side of the membrane to  atmospheric air. 
by visual  observation. 
t o  determine where leakage was visible .  

kakage t e s t s  were made on the Ionac membranes a f t e r  soaking 
These tests were &e 

Leakage was detenmined 
The water pressure was grdually increased 
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Water 
Membrane Pres sure 

14C 3142 16 p i g  

I.IA 3148 16 psig 

xuu 3236 16 p i g  

xu.rlC 3235 15 Psi63 

Pres sure 
Duration Results 

16 h r ~  No leakage 

1 h r  No leakage 

1 h r  No leakage 

1 h r  S m a l l  leakage a t  
first but increased 
with time 

3. Leakage t e s t s  were made on the same menbranes a f t e r  soaking in  
18OoF water f o r  four hours. 

Membrane Water Pressure Re s u l t  s 

MC 3142 2 PSik3 Rapid leakage 

MA 3148 10 psig Small leakage 

XDlA 3236 8 Psig Rapid leakage 

XIZilC 3235 3 Psig Rapid leakage 

4. 
sample of porous Kel-F sheet with pore size under 7 microns and 
a sample of porous polyethylene sheet with pore s ize  under 
2.0 microns were obtained from the ESB Reeves Corporation. The 
t e s t a  were made with water a t  room temperature. 

hak t e s t s  were made on two non-wetting porous materials. A 

Sample Results 

P- Kef-F 

Porcms Polyethylene 

Leaked a t  7 psig 

Leaked a t  3.5 psig 
13-CN 

5. 
Also, attached are  performance test  raw da ta  for t h i s  reporting 
period. 

Attached are plotted data obtained on the AMlp C-60 t o  date. (TRW Fig. U) 

B. Ionics Portion of Promam 

1. Teat R i p ;  Rev- 

M a n y  c e l l s  previously had t o  be taken off test  prematurely due 
t o  malfunction of the test r i g  control systent. 
t e s t  procedures were revamped and no premature ' ( less  than 100 hour) 

The t e s t  r i g  and 
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maliunction has occurred since. The major changes included: 

1. Operation a t  5 psig instead of 15 psig. 

2. Additional Fnstrumentation t o  ensure tha t  the 
pressure in each gas compartment and each 
electrolyte  compartment was 5 +, 0 .3  psig. 

3. G a s  manifold changes t o  ensure that gaa pressure 
remained constant during gas supply changes. 

4. Additional operator instruction t o  ensure that tb 
pressure d i f fe ren t ia l  between gas and electrolyte  
compartments d id  not exceed 1.5 psi  during startup. 

5 .  A l l  tygon tubing i n  the oxygen system has been 
replaced vith polyethylene t o  prevent the occasional 
fires which had been noticed i n  these l ines .  

2. Single 4 sq. in.  Cell Studies 

2 .1  Membrane Studies 

The ef fec t  of various membranes on c e l l  resistance was 
investigated at Ionics and as part of 8 subcontract at 
Arthur D. Lit t le.  In addition, the appearance rate of 
l iquid In the gas compartment8 was measured i n  the c e l l s  
tes ted a t  Ionics. 

Six different  types of membranes were studied a t  Ionics: 
6~ (Ionics Standard), 61-~yc, 61-m, 61-AZL-15, 
61-AZL-8, and AMF-C313. 
AMF C-60 were studied a t  A.D.L. 
were bubbled through 6 N  H2SO4 prior  t o  being fed to the 
c e l l s  so as t o  saturate the gases with water vapor. 
Liquid coming out of the 4x0 gas compartments wae 
collected in W graduated cylinders. Standard sintered 
electrodes &re ueed i n  these ce l l s .  Results obtained are 
summarized i n  Table 1. The re l a t ive  c e l l  resistances were 
obtained f'rom the slape of current YO. voltage plots.  A l l  
the cel l8  were run at a current of 400 ma, except when 
current vs. voltage curves were being obtained. Cella 
containing 61-AZL and 61-AZG showed the lowest resistance - 
0.26 and 0.31 ohms, correspondin 
conductances of 138 and 116 nhos$ft2. This nay be compared 
t o  values up t o  140-1m mhos/ft2 found f o r  the 36 SQ. in 
ce l l s .  The larger c e l l s  may be showing a higher apecific 
conductance because the electrolyte  canrpartments are thinner: 

The 61 -m,  AMF C-313 and 
Hydrogen and oxygen 

t o  c e l l  specif ic  
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0.060~' i n  the 36 sq. in .  c e l l s  vs. 0.625~~ in the 
4 sq. in .  ce l l s .  The amount of l iquid collected 
was very low and varied from negligible t o  1.5 m l  
per day campared t o  3.2 ml/day produced f'rm the 
Puel c e l l  reaction. 

Overall, 61-AZG appears the most desirable membrane 
w i t h  61-AZIL a possible second. The AMF ~embranes had 
previously shown considerably poorer s t s b i l i t y  than 
61-AZG or  61-AZT, on continued exposure t o  6N sulfuric 
acid a t  elevated temperatures. 

2.2 Electrode Studies 

Several different  types of electrodes were tested 
a t  Ionic6 and under subcontract &t Arthur D. Little. 

2.2.1 clzvite Electm6ee 

2.2.2 

Clevite Corporation made two  electrodes (sintered 
type) using a Ughter grade of  go m e r  in the 
paste. Performance of these electrodes was very 
poor and voltages were taken only at 0.4 and 0.67 amps. 

02 - a2 - AMPS TOTAL 

0.4 0.407 0.147 0.263 
- 

0.67 0.313 0.100 0.207 

These voltage reading6 were considerably laver than 
voltages obtained from the sintered electrode used 
btfare: e.g., 0.76 to ta l  volts at 0.4 a1438. These 
new electrodes were preseed a t  a very Ugh prestlure 
(10,OOO psi compared to our normal 4000 ps i ) .  This 
might have caused low porosity, resul t ing in l o w  
meter readings. 

Mott Electrode8 

Mott Metallurgical Corporation prepared sintered platnLmua 
black electrodes. These are c i rcu lar  and have an ares of 
2.35 sq. in. A characterization curve is shown in  Figure 1. 
The values obtained here are also very law: 0.4 t o t a l  



vol t s  a t  0.4 amps. 
of 120 mhos/ft2. 
tef lon and then t r i e d  i n  the ce l l .  
t h i s  c e l l  was even poorer than the  above. 
more than 80 ma could not be drawn. 

The c e l l  had a specif ic  conductance 
The oxygen electrode was sprayed w i t h  

The performance of 
Current 

2.2.3 u p  r inted Electrodes (ADL) 

It appeared first that a technique of imprinting the 
membrane with P t  black would improve the catalyst  
membrane contact as  experiments of this type had been 
performed by Gregor(l), (2) with some success. Series 
100 AMF membranes had been subjected t o  60,000 ps i  and 
l l 5 O C  t o  imbed Pt black and had performed well i n  single 
membrane ce l l s  Kith no f ree  e e t ro ly t e .  S m v e r ,  further 
experiments reported by Perrytzy i n  which imprinted 
cation membranes were used i n  a dual  membrane alkaline 
cell gave pols_riza?Aoo curves no higber than those reported 
by Lurie -- e t  a1.(4) f o r  similar c e l l s  with unimprinted 
Ionics membranes. Attempts t o  imprint both Ionics and AMF 
mmbranee a t  lower temperatures ( t o  prevent membrane 
drying) had proved unsuccessful and were discontinued In 
the light of Perry'e report. 

2.2.4 Deposited Electrodes (ADL) 

Chemical reduction of platinum compounds t o  metal i n  and 
on the membrane was attempted i n  an effort t o  put more 
active catalyst i n  intimate contact nith the membrane. 
The soluble Pt ("3) C12 complex was prepared by t rea t ing  
a chloroplatinic acid solution with excess ammonia and 
the membrane surface washed with this solution. The 
membrane was then flushed with a basic solution of sodium 
borohydride, reducing the complex t o  finely-divided 
platinum and various soluble salts. hWle a darkening of 
the membrane xa8 obsemed which could be at t r ibuted to the 
presence of platinum, it w&s not possible t o  build up any 
appreciable concentration a t  the surface of the menibrane, 
the only area in which it would be accessible to gaseous 
H2 and so useful a8 a catalyst .  

An attempt was also made t o  use t h i s  impregnated membrane 
as a cathode and deposit upon it electrochemically Pt black 
from stmdd- plat inizing solutions. 
unsatisfactory a6 no s ignif icant  current density could be 
obtaine3, showing that even with reduced platinum present, 
the surface of the membrane was s t i l l  not the electronic  
conductor required f o r  this technique. 

This also proved 
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2.2.5 Pure Platinum Electrodes (ADL) 

The presence of Teflon i n  the Pt paste has seemed a poesible 
source of trouble as it places an e l ec t r i ca l ly  ineulating 

e r i a l  i n  the electrode-catalyst region. Taschek and Wynn af report that it may introctuce as much as 70 mv additional 
ohmic polarization when used as wet-proofing material i n  place 
of the more common but l e s s  durable paraffin. A f u e l  c e l l  
was prepared i n  which a t h i n  layer of pure Pt  black XBB 
sandwiched between membranes and electrodes, the electrodes 
having been well coated with Pt black electrochemically. 
The polarization curve i s  shown i n  Figure 2. After four 
days it showed no deterioration due t o  lack of wet-proofing 
although this would cer ta inly have become a problem a t  a 
l a t e r  time. The conclusions t o  be drawn from these curves 
i s  t h a t  a t  the l o w  current dens i t ies  concerned, about TOO ma 
fo r  t h e  small cell, voltage loss is  due i n  overwhelming par t  
t o  the i n i t i a l  electrode polarization mc? e f fo r t s  t o  reduce 
the l imiting slope have l i t t l e  e f f ec t  upon the immediate 
spplication &' the ce l l .  Zeports frm I m i c s  concerning 
a cell w i t h  teflon present primarily on the oxygen side give 
a limiting slope of about 3.2 ohms for the c e l l  but a voltage 
at  TOO m a  again of about 9.65 v, the same voltage is obtained 
both with and without tef lon.  
ca ta lys i s  rather than in te rna l  resistance of the c e l l  components. 
Further work should then be concerned with t h i s  problem. 

The problem is thus one of 

2.2.6 Platinized Carbon E l e c t r e o s  (ADL) 

As one s tep toward investigation of the catalysis  problem, 
a y a i r  of p la th i zed  carbon e l ec t  e8 were prepared according 

pieces of PC 57, manufactured by the Stackpole Carbon Company, 
were chosen. 
surface area of about 3O0M2/g. 
i n  diameter. 
solution of 2 g paraffin i n  103 ml petroleum ether, dried, 
and -heated to  2 W 0 C  for two hours. 
were painted w i t h  a 1 6  solution of H P t C Q ,  using enough 

i n  an oven a t  100°C f o r  several  hours and transferred t o  a 
vacuum oven a t  150% f o r  f ive  more hours t o  decompose the 
platinum compound. 

t o  the method of Taschek and Wynn TO7 5 . Two 2' x 2" x 3/32" 

This material has a porosity of 1.07 cc/g and 

These blocks were wet-proofed by soaking i n  a 
Pores range from 3 t o  7 microns 

while still  hot, they 

solution f o r  a coverage of 2 mg Pt/cm 5 . They were then dried 

The prepared carbon w a s  put into the c e l l  w i t h  the  t reated 
surface against the membrane ana e l e c t r i c a l  contact was made 
by platinum gauze pressed agalnst the back of the carbon. 
Resistance of the assembled c e l l  was 0.4 ohm, measured Kith 
a Kiethyley %del 502 Nultiohmeter. A polarization curve 
for this electrode system is  also shown In Figure 2. 
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3. ~ i n g ~ e  j6 ~ q .  ~ n .  - ~ e i i  Studies 

Two c e l l s  w i t h  tantalum pusher and separator p la tes  are operating very 
well a t  5 psig. For one of these ce l l s ,  the e f fec t  of wide variations 
i n  gas r a t e s  on pressure drop and polarization curves were  determined, 
The ra te  of l iquid appearance i n  the gas compartments was also checked. 
Two unusual c e l l s  were placed on stream t o  help pin down the source of 
the liquid found in the gas compartments. 

Detailed resu l t s  are given i n  Table 2. 

3 .1  Effect of Pressure Level 

Cell  ~ 4 2 8 2  and C e l l  E-1269 were ident ica l  c e l l s  except that 
E-I268 w a s  run a t  a nominal 16 psig and E-1282 a t  a naninal 5 psig.  
As reported last month, when 4 amps were drawn from E-1268, the c e l l  
voltage d id  not maintain i t s  i n i t i a l  value of 0.73 v but f e l l  t o  
0.632 v i n  120 houre. 
maintained voltage very w e l l  - reading 0.748~ after 288 harra. This 
improved voltage maintenance was ascribed t o  smoother operation of the 
c e l l  a t  the lower pressure level.  'Jnfortunately, the hydrogen flow 
path became obstructed a f t e r  approximately 300 hours: 
would no longer flow through the c e l l  and the cell fa i led .  
of the c e l l  a f t e r  dismantling d i d  not disclose the nature nor exact 
location of the blockage. 

The lower pressure E-m2 on the other hand 

hydrogen 
Inspection 

3.2 Effect of Well-Balanced Pressures 

In view of the improvement i n  operation obtained by reduction of 
the pressure level (Cell E-l.282), a c e l l  was put on stream with 
par t icular  e f fo r t  t o  keep inter-compartment pressure differences 
during startup and operation t o  a minimum (Cell E-1651). 
c e l l  has maintained a voltage of close t o  0.8~ at 4 amps f o r  over 

This 
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500 hours. 
are produced i n  Figure 3. Note that the Wrogen  e l e c t r e e  suffers  
from "concentration polarization" a t  about gC amps/ft2 while the 
oxygen i s  unaffected a t  this current density. 
and separator p la tes  in  this c e l l  appear t o  be giving excellent 
service. 

The polarization curves obtained a f t e r  168 hours 

The tantalum pushier 

The specific conductance of the c e l l  shoved a cantinuing slow 
decrease wlth time, as have a l l o t h e r  cel la .  
c h a r  vhethsr this i s  due t o  gradual membrane fouling, electrode 
deterioration o r  some other degradatlve process. 

It i s  not currently 

3.3 Source of Liquid i n  Gas Compartments 

To detenulne the source of the  l i q u i d  observed Fn the gas chambers 
and i n  the gas out le t  l i nes  in a qual i ta t ive way, two unusual ce l la  
were buil t .  
rubber i n  place of membranes. 
electrolyte CiuctS, hopefully t o  t ha  same exteiit as i;l the x?gals;r 
ce l l ,  but would prevent tran8port of l i q u i d  through the mambrane. 

The second c e l l  (E-1652) had an electrolyte  chamber isolated from 
the gas coxupartments so that l iqu id  could only reach the gas cam- 
partments by passing through the membrane. Liquid collection 
bo t t l e s  were provided f o r  a l l  exi t ing gas stremu of both ce l l s .  

The first c e l l  (E1279)  had non-permeable pieces of 
This would allow leakage f r o m  the 

After three weeks operation, the quantity of acid found i n  the 
collection bo t t l e s  of the c e l l  wlth the impermeable membrane- 
subst i tutes  equivalent t o  only 4 cc of e lectrolyte  on the 
oxygen side and 12 cc 011 the hydrogen s ide .  
that with the present gasketing system, the acid leakage between 
compartxiwnts by way of the manifolds, ports, etc., can be kept t o  
negligible levels. On the  other hand, the  collector bo t t l e s  on 
each of the gas streams leaving the c e l l  with the external e lectrolyte  
f l o w  c i r cu i t  (E-1652) ha8 collected several hundred cc ' s  of l iquid 
during the same three week period. The l lquld had def in i te ly  passed 
through the membrane. 

This demonstrated 

3.4 Rate of Li@d Appearance 

The rate of l iquid prodUctfOn from the gas compartments were  
measured on c e l l  D9228. 
The average s u l A r i c  acid concentration i n  the 1iq;uid collected 
i n  the hydrogen side is 6~ and i n  the oprgen side is 4.5N. The 
data presented are af te r  24 hours of operation when the c e l l  had 
achieved reasonably steady operation. By taking the slope of the 
curve, an average value f o r  the rate of liquid production can be 
obtained. 
the oqgen  side was leas consistent ( p 0 6 8 1 b ~  due t o  Intermittent 
l iquid holdup) but an average value of 0.63 ml/hr can be obtained. 
The ra te  of water production by reaction is  1.35 m l  H$/hr. 

These data  are presented in Figure 4. 

The hydrogen side curve produces a consistent 0.6 ml/hr; 
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3.5 Mfect  of Varying G a s  Rates 

Pressure drops acro86 the gas compartments were measured f o r  
various gas flow rates  i n  cellD9228. 
Figure 5. A t  5 psig and 25OC, the c e l l  uses 22 lnl/mFn of 
hydrogen and half the quantity of oxygen a t  four amperes. 
twenty times these gae rates, the pressure drops were only 
30 nun H20 on the 02 side and 20 mm H$ on the H 2  side.  
energy lose even et very high gae recycle rates would thus be 
quite low. 
D9228 with c s r e f u l l y  controlled flow rates t o  determine the 
influence of gas flow rate on c e l l  performance. Flow rates of 
140 and 500 ml/min on the hydrogen side, and 50 and 200 ml/min 
on the oxygen side were compared. 
Figure 6, show no detectable difference up t o  a t o t a l  current 
of 10 amperes (40 -/Re). 
t o  25 amperes. 

These data appear i n  

A t  

The 

Polarization curves were also measured on c e l l  

- - 
'=he polarization curves, 

These measurements will be extended 

4. Multi-Ce11 Battery Design Modifications 

I n  the light of r e su l t s  with single ce l l s ,  design m d i f l c a t l m s  have 
been made i n  the radial porting of the gas and electrolyte  compartmente. 

4.1 Gas C O l Q a r t ; m e n t 8  

In the case of the gas compartments, the object has been t o  
reduce the chance of gaa-electrolyte leakage and t o  obtain better 
gas dis t r ibut ion t o  the parallel-connected cells. 
the  minimum distance between the  radial gas ports and the electrolyte  
port  has been increased f r o m  5/16" t o  1/2". 
number of inlet ports has been reduced to one, and I t s  width reduced 
from 0.060 in .  t o  0.030 i n .  with the object of producing a higher 
hydraulic pressure drap and thu6 be t t e r  gas dist r ibut ion.  

To t h i s  end, 

In  addition, the 

4,2 Electrolyte Cuapartment 

With these ccmpcments, tbe cut-and-cover technique for forming the 
radial e h c t r o l y t e  channels has been replaced by drilling a simple 
hole. It has proved d i f f i c u l t  t o  maintain surface smoothne88 
tolerances with the previously used, glued c o m p h n t s .  To permit 
the we of a d r i l l e d  port it has been necessary t o  increase the 
thickness of the coxapartment fram 0.060" t o  0.100". 
of the exit chamel at the top of the ce l l ,  two p a r a l l e l  holes 
have been included t o  reduce the poss ib i l l ty  of blockage by a gas 
bubble. (See Drawing number 2). A single inlet port  w i t h  a 
cross-sectional area of about 0.0008 sq. in. w i l l  replace the  t w o  
former i n l e t  ports which had a jo in t  cross-sectional area of 
0.0036 sq. in.  
and thus the efficiency of e lectrolyte  manifolding. 

III the case 

This was done t o  increase the hydraulic resistance 
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5. .%ultiple-Cell Battery Component Procurement 

5 .1  G a s  and  Electrolyte Compartments 

It has been decided to  make a t  l ea s t  one 5-cell battery out of 
Halon and one out of Penton. 
period for  the non-etandard thickness requlred for the electrolyte  
compartment, suff ic ient  material has been ordered t o  permit the 
construction of a 10-cell bat tery i n  e i the r  p las t ic .  
has been prolnised fo r  15 March l%3. 

Because of the long dellvery 

Delivery 

5.2 Gasketing 

From corrosion studies, it is expected that Dacron-reinforced 
Viton w i l l  prove t o  be a superior gasketing material. 
it has not been employed extensively i n  single c e l l s  as has Buns N. 
For t h i s  reason, it has been thought advisable t o  have a reserve 
stock of Bum N gaskets, which, though not ideal,  would be expected 
t o  last the 100 hour I l f e  requirements of the batteries. 

However, 

5.3 Electrode Manufacture 

New plat tens  have been designed and materials ordered for t h e i r  
fabrication. 
w i t h  one pressing operation i n  place of two, thus presumably 
pennitt lng production of more reproducible electrodes. 

The new plat tens  w i l l  permit the making of electrocies 

5.4 Pusher and Separator Plates 

Corrosion studies have shown tantalum t o  be the most resistant 
metal (other than platinum) t o  corrosion i n  6~.H2 s04. However, 
both niobium and zirconium have promisingly l o w  corrosion rates. 
Since both these metals ese l e s s  cost ly  and l igh ter  than the 
tantalum, it was decided t o  assemble a t  l e a s t  one 5-0211 ba t te ry  
containing some ce l l s  made with each metal. 

5.5 General Status 

The present s t a t e  of procurement s i tua t ion  is e-ized in 
Table 3. The technical t a sk  s ta tus  and schedule l e  appended 
t o  the letter regarding X L ~ I ~ ~ O W S ,  dollar expenditures end 
commitments attached to t h i s  report. 
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TABLE I 
MEMBRANE S N D Y  - 4 SQ. iod, CELLS - 25OC 

. I  

Cell Membrane Cell Cell Specific Liquid Collected, mls/dav I 

Resistance Conductan e 
2 H2 Side . O2 Side ohms mhos/f t 

No. Type 

E 0224 
ADL-I I 

E 1325 
E 1327 
E 1326 

E 1330 
E 1331 
ADL-I 2 
ADL- 13 

61-AZG 0.31 
6 1  -AZG 0.27 - -  

61-DYG 0.45 
61 -AZL 0.26 

6 1  -AZL-~  5 0.45 
6 1 -A2 L-8 0.38 
AMF-C-3 1 3 0.33 
Mi-C-313 0.35 
AMF-C-60 0.38 

~ 

116 
135. 
80 

138 
80 
95 

,109 
104 
95 

negl Ig ibla 

0.14 
0 0 4 4  

I - 0.56 . 

*. 

0.16 
0.03 

* 
* 

2.6* I 

0.03 
* 
* 

* Not measured a t  A.D.L. 

* On dye test, the membrane shomd a pinhole. 
I 

-- --_____2____ -- ._ _ _  .- _ _  ----- 
c' 
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18,815 

Total 
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